Abstract. According to wet clutch friction temperature is too high, excessive thermal stress, and other issues during the engagement. It adopted ANSYS workbench software for finite element analysis and introduced direct coupling method to complete simulated calculation and analysed of the temperature field and stress field under two different conditions by the steel discs of the wet clutch. The calculation took into transfer situation of the frictional heat between the friction disc and the pairing steel discs with a consideration of a variety of displacement constraints. Simulation result showed that the temperature of each point on the friction pair increased as the radial distance away from the clutch shaft. Reducing the engagement time is beneficial to reduce the engagement temperature, but it will increase the impact force, affect the ride comfort, increase the engagement time will increase the engagement temperature. The investigation results will lay a foundation for further thermal manage and structure optimization of multiplate wet clutch.
Introduction
The wet multi-disk clutch is an essential constituent of Automobile automatic transmission and has advantages of good thermal conductivity, large transmission torque and easy automatic control. During clutch working, friction make the friction surface temperature increase rapidly, temperature gradient and thermal stress increase and the thermal elastic instability is easy to be produced under the local high temperature. As a consequence, these affects lead to the deformation of the friction element and even material loss and finally do an early damage on clutch. Therefore, the focuses of the study of wet multi-disc clutch are the temperature field, the stress field and the thermal-mechanical coupling [1, 2] . On the basis of 3-D finite element model, by considering about contact, rotation, pressure and coupling conditions, and then calculate the temperature field and stress field by the direct coupling method of ANSYS workbench, so the distribution of temperature field and stress field of steel sheet under three conditions are compared.
The Thermal-mechanical Coupling Stress Field The Friction Heat Generating Principle
There is a certain degree of surface roughness on the dual steel plate and friction plate of clutch. Friction generates heat because when the friction plate meets the dual steel plate, frictional contact and sliding friction are formed on the micro convex body of the surface and the dual steel sheet and the friction plate will generate heat due to friction [3] .
Thermal-mechanical Coupling Strain
According to the theory of the thermal elasticity, the object expands when it is heated. When the object is heated inhomogeneously, it expands inhomogeneously and so the linear strain is produced. Suppose the linear expanding coefficients is  ,when the temperature is up to T  , the thermal strain caused by expansion is [4] :
While the wet clutch is in engaging process, the steel sheet makes the thermal strain because of increasing temperature and the mechanical elastic strain, j  is formed under the action of mechanical external force. According to the linear theory of stress, the stress and strain caused by mechanical external forces can be superimposed with the stress and strain caused by temperature. The total strain of these interaction is [5] jT
The relationship between the stress vector, σ and the strain,  :
In the formula, D is the material elastic matrix. Add the formula (2) into the formula(3), the unit stress of friction steel sheet is:
The equilibrium relationship between the contact pressure ( , , ) x y z p on the engagements and the unit stress σ is:
In the formula, B is the transformation matrix between element strain and nodal displacement, V is the volume of steel sheet.
From (2) to (5), we can calculate the stress field distribution after the mechanical and thermal elastic stress superimpose when friction plate and steel sheet are in engagement process. And the contact between the friction plate and the steel sheet is elastic contact and there is no mutual penetration between them. Then the iterated algorithm can be taken to check the contact, if the contact appears, it is supposed to be restrained on contact and produced the effort on node immediately [6] .
Calculation Process of Temperature Field and Stress Field Calculation Hypotheses
When temperature field of wet clutch friction pair and stress field are in finite element analysis, in order to have study on the temperature field and stress field distribution of dual steel sheet, hypothesis of friction plate and dual steel sheet are necessary [7] .
(1) The engagement process of dual steel sheet and friction plate is short, therefore, the heat that is taken away by cooling and radiation can be ignored.
(2) The heat generated by the friction is completely absorbed by the dual steel sheet and the friction plate.
(3) The wear of dual steel sheet and friction plate in the engagement process is neglected and the physical properties of the dual steel sheet and the material of the friction plate are not changed with the temperature [8] .
Friction Pair Model
The wet multi-disc clutch is composed by separated arrangement of multiple friction plates and steel sheets and heat production of friction pair is a typical nonlinear coupling problem. Its computation is enormous and the load and the structure of the friction pair are symmetrical, so half thickness of the friction plate and the steel sheet can be taken to be analyzed. Half of the friction plate is provided with an oil grove structure, however, this can bring great difficulties to the mesh generation and finite element nonlinear calculation. According to the literature [9, 10] , the ignorance of the oil groove has no affect to the accuracy of the temperature field of dual steel sheet. Therefore, to simplify the structure of the friction pairs and ignore the oil groove structure of friction plate, then 3-D calculation mode, Figure. 1.can be established. In combination with the wet clutch engagement conditions, the relationship between the rotational speed and pressure of the clutch at different engagement time is obtained, as shown in Figure 2 . and A fixed constraint is applied to the symmetric surface of the friction plate, and the pressure is applied to the symmetric surface of the steel sheet, and the rotation displacement is applied to the inner ring surface of the steel sheet, to simulate the relative rotation.
Results and Discussions
As shown in Figure 4 is the dual sheet steel in the engagement time for stress distribution of 0.81s. The stress distribution of the whole engagement is relatively uniform, the maximum stress is 105.12MPa. As shown in Figure 5 is the dual sheet steel in the engagement time for stress distribution of 1.12s,the maximum stress is 190.59MPa.From the two figure, we can see that the shorter the engagement process is, the greater the stress is, and the stress is mainly concentrated in the edge part. And the short time of the engagement is easy to have a larger impact, in the edge of the steel sheet will produce the distribution of wave shape. The distribution of stress along the radius of the dual steel sheet is shown in figure 6 , The higher the engagement time is, the higher the maximum stress and the stress gradient are, the distribution is not even. Along the radius direction, the stress first decreases, and then gradually increases at 44mm to 45mm. Figure 6 .Distribution of stress along radius of dual steel sheet Figure 7 . shows when the engagement time is 0.81s, the engagement highest temperature is 116.17°C . Figure 8 . shows the engagement time is 1.12s, the engagement highest temperature is 170.42°C .As can be seen from the diagram, the longer the engagement time is, the higher the heat is, the higher the temperature is, the more heat is concentrated on the edge. The temperature along the radius of the dual steel sheet is shown in Figure 9 , which shows that the longer the engagement time is, the greater the temperature gradient is, and the increase of the temperature inhomogeneity. Figure 10 shows the engagement time is 0.81s, the maximum axial deformation of engagement surface is 0.0090219mm. Figure 11 shows the engagement time is 1.12s, the maximum axial deformation of engagement surface is 0.0079687mm. From the left can see the edge wave shape deformation, and stress distribution to fit, indicates that the engagement within a short period of time will have a greater impact, resulting in greater deformation. Dual steel in axial direction along the radius direction deformation distribution as shown in Figure  12 . It can be known that the deformation is gradually increased along the radius. And it can be clearly seen that the deformation of 0.81s engagement time is larger, and the deformation gradient is greater. It shows that the longer engagement time is beneficial to reduce the deformation of the dual steel sheet. Figure 12 .distribution of axial deformation of dual steel sheets along radius
In conclusion, the engagement time has great influence on the temperature field, stress field and axial deformation. Longer engagement time, ride comfort and comfort will be improved, reduce the deformation of the steel sheet. But it can be seen from Figure 6 , Figure 9 and Figure 12 that the engagement time is too long, which will result in the increase of temperature, stress, and the increase of temperature gradient and stress gradient, which will affect the service life. But a short engagement time, will cause greater impact, and will have a larger deformation.
Conclusions
(1) The results show that the engagement time has great influence on the temperature field, the stress field distribution and the axial deformation in the case of constant friction coefficient. (2)The short engagement time, can affect the ride comfort of the engagement, resulting in a greater impact force, the edge of the dual steel sheet will produce a wave shaped stress distribution, easy to produce curl, the deformation of a single engagement deformation. When the engagement time is longer, the ride comfort is better, but it can lead to higher temperature and higher stress, and the increase of temperature gradient and stress gradient. Therefore, in the design of the clutch, not only to consider the ride comfort, but also should consider the engagement time to extend the clutch temperature field, the stress field generated adverse effects.
The results related to the domestic and foreign research results show that the consistent of wet multi disc clutch friction analysis has the high accuracy, the result has certain guiding significance on the design and optimization of the wet clutch.
